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Design of the experiment
All the rats remaining alive at the end of the experiment described in the previous paper (cabak et al. 1963) were included in this study. Twelve rats that had had the low-protein diet, six that had had the high-protein diet in restricted amounts and twelve well-nourished control animals were available. All the animals were 61 days old when the period of rehabilitation began, and the rehabilitation was continued for 27 days. Half the animals in each group were given unlimited amounts of the highprotein diet used in restricted amounts during the period of deprivation, and the remainder were given unlimited amounts of a mixture of the high-protein diet and soluble starch (Hopkin &Williams Ltd) in the proportion I : 2 . T h e air-dry high-protein diet contained 48 g protein/Ioo g, and the protein and starch diet contained 13-5 g protein/roo g.
Minerals and vitamin B complex powder were added to all the diets as described in the previous paper except that for the animals being fed on the high-protein diet and starch the quantity of vitamin B complex powder was doubled. All the animals had a continuous and unlimited supply of drinking water throughout.
Balance technique
Six of the rats undergoing rehabilitation on the high-protein and starch mixture were placed in metabolism cages for the whole period of rehabilitation, and their intake and output of N during this period were measured. Cages I and 2 each contained two rats that had been malnourished on the low-protein diet, and cage 3 contained two rats that had been malnourished on restricted amounts of the high-protein diet. In addition, in cage 4 there was a normal control animal of the same age as the other rats, and being fed on the same diet.
Food intake was recorded daily, after weighing of the unconsumed food. Excreta were collected under toluene in I -or 2-day periods, in a jar placed below the funnel of each cage; hairs rubbed from the animals' skins also accumulated in the funnels and were scraped down into the jar at the end of each collection period. The contents of the jars were divided for convenience into a supernatant liquid part, mainly urine, and a residual semi-solid part, mainly faeces, and these portions were each mixed, sampled and analysed; but no attempt was made to measure exactly the separate urinary, faecal and cutaneous excretions of N. It had been found that after thorough scraping of the unconsumed food from the food pots, and of excreta from the cages and funnels, washing the pots, cage and funnel in distilled water recovered in the water a further mean amount of 32 mg N per cage per period, and that this systematic error did not vary with the length of the period. Therefore in the final calculation 32 mg was subtracted from the N balance for each cage in each period.
Killing and dissection of the animals
The animals were killed and dissected as described by Cabak et al. (1963) . T h e organs and the remainder of the carcass from all the animals in a group were pooled, and then each pooled sample was analysed separately. The animals whose N balance was measured were analysed separately.
Chemical methods
T h e treatment of the organs and carcasses and the determination of water, fat and total and collagen N were as described by Cabak et al. (1963) . N was determined in the food and excreta by the method used for the tissues.
Calculation of increments
Three groups of six rats that had been subjected to each of the same three treatments as the animals to be rehabilitated (low-protein, high-protein low-calorie, and control diets) were killed, and the bodies and organs of each group were weighed and analysed for water, fat and N (Cabak et al. 1963 ). T h e weights of the organs of the rehabilitated animals at the beginning of rehabilitation were calculated from their body-weights at that time and the percentage contribution of the organs to the body-weights of the animals that were killed. These calculated weights of the organs and the weight of the body at the beginning of rehabilitation were then divided by IOO and multiplied by the percentage of N, either total N, non-collagen N or collagen N as the case might be, that had been found in the animals that were killed. T h e N deposited in the bodies and organs of the animals was calculated from the difference in N content at the beginning and end of the period of rehabilitation. In the animals used in the balance experiment, the calculated amount of N stored in the body was compared with the N storage as calculated from the N balance figures. Fig. I shows the changes in the mean body-weights of each group of animals during the 27 days of rehabilitation. All the animals gained weight on both diets.
R E S U L T S

Body-weights
Those that had previously been undernourished gained more than those that had not; in fact their rate of gain was similar to that of the control animals during the first 4 weeks of the whole investigation (Cabak et al. 1963) . Their weights had not, however, reached those of the control animals by the time the experiment came to an end. T h e rats that received the high-protein diet gained a little more weight than the animals in the corresponding groups that received the high-protein and starch diet. Table I shows that the difference in body-weight gain was still evident when the gains were expressed on an empty fat-free body basis, and that it was partly accounted for by the difference in weight of the liver, which grew more when the animals were given the high-protein diet alone than when they were given this diet mixed with starch. 237. Vol. 17
Rehabilitation with two dietary protein levels
Body composition Table I shows that the rats previously fed on the high-protein diet in limited amounts and the control animals, but not the animals previously fed on the low-protein diet in unlimited amounts, retained more N when given the high-protein diet than those that were given this diet mixed with starch. In all six groups of animals, collagen N accounted for 13-20 yo of the total N deposited. The effect of the diet used for rehabilitation on the growth of the liver has been mentioned above. In the low-protein animals given the high-protein diet the growth of the liver accounted for 10.6 % of the total N deposited in the body. The concentration of urea in the plasma was raised in all animals having the high-protein diet. In the animals previously malnourished on the low-protein diet the value was 104 mg/Ioo ml as compared with 43 mg/Ioo ml on the high-protein diet and starch; in those previously VERA GABAK AND OTHERS
I963
malnourished on the high-protein, low-calorie diet, the values were 94 and 40 mg respectively and in the control animals the values were 86 and 3 j mg respectively.
The change in total muscle mass during the period of rehabilitation was not determined. It will be seen, however, that the quadriceps muscles grew more in the animals previously fed on the control diet, and possibly also in those previously fed on the high-protein, low-calorie diet when they were fed on the high-protein diet alone than when this diet was mixed with starch. I n the animals malnourished on the lowprotein diet the reverse was true. In the control animals given the high-protein diet, the growth of the quadriceps muscles was greater relative to the increase in bodyweight than in any of the other groups.
I n contrast to the quadriceps muscles, the skin gained more weight when the animals that had been malnourished on the low-protein diet were rehabilitated on the high-protein diet alone than when they were rehabilitated on this diet mixed with starch; more of both nitrogenous fractions were deposited in the skin on the former diet, and the skin accommodated 28 % of the total N deposited in the body. The protein content of the diet used for rehabilitation did not affect the growth of the skin, or the deposition of N in it, in the animals previously malnourished on restricted amounts of the high-protein diet. I n both the groups that had previously had the high-protein, low-calorie diet the N deposited in the skin accounted for about 20 yo of the total N deposited in the body. T h e skin accounted for somewhat less of the increase in bodyweight and of total body N in the control animals than in either of the previously malnourished groups, but even here the X deposited in the skin accounted for 8.2 and 14.9 yo of the total deposited in the body in those animals having the high-protein and the high-protein + starch diet respectively. Table 2 shows the N retention of rats rehabilitated on the high-protein diet mixed with starch, first as measured by the difference between intake and excretion, and second as measured by analysis of the rats' carcasses. The difference in the N content of the animals' carcasses at the beginning and the end of the 27-day rehabilitation period was in every instance smaller than the recorded N 'retention'. There was no consistent dif-Vol. 17
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ference between the results for the different cages: the magnitude of the discrepancy showed no ascertainable relationship with the animals' growth rate or previous dietary history. A calculation often made for practical purposes in studies of N balance is the alteration of weight of the lean tissue (i.e. body minus fat). This calculation involves an assumption about the percentage of N in lean tissue, and this assumption was checked by experiment during our observations on rats. The results given in Table 3 indicate that the lean tissue added to the animals' bodies during the period of rehabilitation contained about 3 yo N. This result is somewhat lower than those summarized by Pace & Rathbun (1945) for six species of adult mammal whose mean N concentration was 3*5zy0 of the lean tissue. 
D I S C U S S I O N
Body composition
In Widdowson & McCance's (1957) experiment on the rehabilitation of proteindeficient rats, and in that of Wallace, Weilk Taylor (1958) on growing rats, the animals having higher intakes of N gained more weight. Wallace et al. did not find any difference in the percentage of N in the bodies of their rats fed on the high-and lowprotein diets. In our rats the greater rise in fat-free body-weight of the rats rehabilitated on the high-protein diet was partly accounted for by the larger livers of these animals, and a difference in body composition was apparent only in those animals that had previously had the high-protein, low-calorie diet and in the control animals. It therefore seems possible that the ability of the animals malnourished on the lowprotein diet to incorporate the additional N was to some degree impaired. This result suggests that some of the enzyme systems of the body may not have recovered completely from the damage caused by the protein deficiency. If it is so, however, rats must differ from human infants for, although the enzymes of the pancreatic juice, for instance, are greatly reduced in children with protein malnutrition (Thompson & Trowell, 1952; Gdmez, Ramos Galvh, Cravioto & Frenk, 1954) , they quickly return to normal levels on treatment. Similarly, the activity of enzyme systems involved in the removal of the end-products of protein metabolism, for example xanthine oxidase in the liver, is greatly reduced in protein deficiency both in rats (Miller, 1948; Allison & Fitzpatrick, 1960) and in human infants (Burch, Arroyave,
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Schwartz, Padilla, BChar, Viteri & Scrimshaw, 1957). In human infants there is a rise in the level of the enzyme after treatment (Waterlow, 1962 ) but this may not take place so rapidly in the rat.
The greater growth of the liver in response to a high-protein diet has been observed before (Lightbody & Kleinman, 1939; Widdowson & McCance, 1957) , and cannot be considered necessarily to be one of the beneficial effects of a high-protein diet. I t may be merely an adaptation to meet the necessity of dealing with the large amounts of amino acids absorbed. This greater protein turnover is reflected in the high levels of urea in the blood (Snyderman, Boyer, Kogut & Holt, 1958; Fomon, 1961) .
Undernutrition ( duce an increase in the amount of extracellular fluid (chloride 'space') per unit weight of muscle. I n malnourished animals it could result from the thinning, or loss, of muscle fibres. There was no evidence that the muscle cells of the malnourished rats used in this experiment were more 'dilute' than normal, and it is concluded that the N deposited in the muscles during rehabilitation was used to expand the existing muscle cells, or to form new ones, with a resulting fall in the volume of extracellular fluid, but without change in the composition of the cells. T h e quadriceps muscles of the lowprotein animals, like the rest of the body (excluding the liver), did not grow any faster or deposit any more N with the diet containing the higher percentage of protein. T h e importance of the contribution of the skin to the N lost from the body during malnutrition has been demonstrated (Dickerson & Cabak, 1962; cabak et al. 1963 ), and about one-third of the N retained in the body during rehabilitation was deposited in this organ. It seems reasonable to suppose that the skin is also the site of deposition of much of the N retained during the rehabilitation of human beings with protein deficiency.
Balance experiment
A considerable portion of the retained N as measured by the balance technique was not recovered in the bodies of the rats by analysis. The systematic error in the balances was reduced by including the washings of the containers in which food was offered and excreta were collected, but even when this was done, some N was missing;
indeed, even if the allowance for this 'washings' error had been doubled, the discrepancy would not have been appreciably lessened. The absolute magnitude of the discrepancy between the results for 'balance' N and 'carcass' N was independent of the rate at which the animal was growing, of its dietary history and of the amount of its food intake. It follows therefore that, if expressed as a percentage of the N retention or intake, the 'missing' N would be considerably greater in the more slowly growing animals. This is in accordance with the findings of Nehring, Laube, Schwerdtfeger, Schiemann, Haesler & Hoffmann (1957) that in growing rats and pigs the percentage N 'loss' becomes greater as the animal grows older.
Whether the discrepancy is due to an overestimate of the N retention by the balance technique, or an underestimate of N in the carcass, or both, remains to be discovered. T h e suggestion by Costa (1960) , that the exchange of gaseous N in the lungs participates in the N balance of the body when excess dietary N is offered, deserves investigation. Sanslone & Squibb (1962) , when making observations similar to ours on young growing chickens, digested the entire carcass in hot hydrochloric acid immediately after death. This procedure for carcass analysis would clearly entail smaller losses of N than the method used in this work, in which the rats were dissected and certain organs and tissues analysed separately; and indeed, Sanslone & Squibb were able to recover from the chickens' carcasses after 4-or 8-day balance periods as much as 96 % of the N recorded as N retention during the balance study.
The expected discrepancy between measured and calculated gain in body-weight has also occurred in our experiment. If the figures for N retention by balance (column 4, Table 2 ) are multiplied by 33 to give calculated lean tissue gain, the resultant figures are in every instance larger than the increases in body-weight. But, once again, the discrepancy is not greater in the animals (cages 1-3) that were being rehabilitated after protein deficiency or calorie deficiency than in the animal (cage 4) that was growing normally.
These observations show that one cannot accurately predict the composition of rats' bodies by means of N-balance studies, and if it is so in rats, in which balance tests can be performed over several weeks on constant and homogeneous diets, it is even less probable that such predictions can be made in man. I n man, the usefulness of Nbalance studies may be confined to the qualitative detection of a large positive or negative balance or of a change from one to the other.
S U M M A R Y
I . Young rats that had been fed on a diet deficient in protein, or in calories, were rehabilitated for 27 days on a high-protein diet, or on a I : 2 mixture of this diet with soluble starch. Control animals of the same age as the malnourished ones were also fed on one or other of these two diets. T h e animals were then killed and their bodies and organs weighed and analysed.
2. Some of each kind of malnourished animals and a control animal were placed in metabolism cages for the 27-day period. They were fed on the protein and starch diet, and their nitrogen balances were measured.
3. T h e consistently greater increase in fat-free body-weight of the animals that received the high-protein diet was wholly accounted for by the difference in weight of the liver, which grew more when this diet was given alone than when it was given mixed with starch. The animals previously malnourished on the diet deficient in calories and the control animals, but not those malnourished on a diet deficient in protein, deposited more N in their bodies on the high-protein diet than they did on the
